The effect of Althesin, diazepam, ketamine, propanidid and thiopentone on the release of acetylcholine was tested at the mouse neuromuscular junction. Althesin, diazepam and thiopentone increased the quantal content of the end-plate potential. Ketamine at low concentration (3.6 (imol litre" 1 ) had a similar effect, but at high concentration (116.7 (imol litre" 1 ) quantal content decreased sharply. Propanidid and cremophor EL did not affect quantal content. The increase in quantal content antagonized the effect of postsynaptic depression on the amplitude of the end-plate potential. The lack of enhancement of acetylcholine release appears to explain the in vitro interaction of propanidid with tubocurarine. The diversity of presynaptic actions of these drugs makes it unlikely that this is an important mechanism in producing anaesthesia.
It is now widely believed that general anaesthetics exert their effect through depression of synaptic function (Larrabee-and Pasternak, 1952; Seeman, 1972) . The synaptic depression appears to be the result of interference with the function of the ionic channels. The cause of this is the subject of a number of new hypotheses concerning anaesthetic action. Mullins (1954) proposed that, as anaesthetic molecules dissolve in the cell membrane, they fill "free volume". Subsequent work has modified this view, suggesting that volume expansion of the membrane occurs and results in compression of the entities within it (the ionic channels). Johnson and Miller (1970) proposed that anaesthetic molecules act by rendering the lipid in the cell membrane more fluid, thus altering the channel environment to the detriment of channel function. Hsia and Boggs (1975) suggested that anaesthetics acted directly on the protein moiety of the channel. Lee (1976) proposed that anaesthetics altered the channel environment by causing phase transition, a change in the state of the lipid from a liquid to a gel. Adams (1976) , working specifically with barbiturates, proposed that anaesthetics block the active or open ionic channel. Finally, Trudell (1977) by rendering nerve membranes fluid to a point at which critical lipid regions surrounding the channel no longer contain phase separations, thus impeding conformational changes in the channel protein. He also suggested that similar changes may affect release of transmitter. All these hypotheses treat the change in ionic conductance as a failure of channel function. All general anaesthetics tested so far (Gage and Hamill, 1976; Torda and Gage, 1977) , including nitrous oxide at hyperbaric pressure (Torda and Hamill, unpublished data) , reduce the duration of miniature end-plate currents, suggesting that premature closure of the channel, rather than a failure to open, underlies synaptic failure. As all the hypotheses are couched in general terms, none requires great modification to accommodate this view. All this work has concentrated on the postsynaptic or postjunctional effects of anaesthetics. It seemed desirable, therefore, to investigate the prejunctional effects of the i.v. anaesthetic drugs. As prejunctional factors influence transmission by altering transmitter release we examined the effect of i.v. anaesthetics on this index.
METHODS
The experiments were carried out on the excised mouse sternomastoid nerve-muscle preparation (Dulhunty, 1978) . This was chosen in preference to the diaphragm as the larger muscle fibres permit long periods of intracellular recording without the use of electrodes of very high impedance. The nerve-muscle preparation was pinned out in a tissue bath of 3 ml volume and perfused with Krebs solution* bubbled with 5% carbon dioxide in oxygen. The pH of the solution was between 7.35 and 7.45 unit and the experiments were carried out at 22 + 1 °C.
To prevent movement of the preparation, the end plate potentials (EPP) were reduced below action potential threshold by the use of an increased concentration of magnesium in the solutions and this reduced the quanta of acetylcholine released per impulse (Del Castillo and Engbaek, 1954) . As there was significant variation between preparations, the magnesium concentration was adjusted to produce EPP of about 2 mV. In order to maintain constant osmolality the concentration of sodium chloride was adjusted.
The nerve was stimulated by means of a suction electrode with supramaximal square wave stimuli of 0.1 ms duration at 0.5 Hz. The membrane potential and EPP were recorded with a conventional glass micro-electrode of 10-15 x 10 6 Q impedance. All cells used in the experiments had membrane potentials in the range 60-80 mV. If the membrane potential decreased by more than 5 mV during an experiment, the data were discarded. In some experiments EPP were recorded on the screen of a storage oscilloscope. The amplitudes were measured and the mean and standard deviation were calculated. For other experiments, a computer performed these operations automatically. The quantal content (m), a measure of the amount of acetylcholine released by the EPP, was calculated from the variance ratio of the end-plate potentials (Del Castillo and Katz, 1954) . As m was small, no correction was applied for non-linear summation. In each experiment at least 100 EPP were recorded. The order in which the preparation was exposed to control solution or solution containing the anaesthetic was alternated to exclude the effect of time. Each end-plate acted as its own control and the results are expressed as the ratio of m or EPP amplitude of the preparation in treated solution to that in control solution. The drugs tested were Althesin, diazepam, ketamine hydrochloride, propanidid, sodium thiopentone and cremophor EL. Althesin was assumed to contain 105 mg dl" 1 of alphaxalone, based on the assumption that alphadolone acetate 30 mg is equivalent to 15 mg of alphaxalone.
RESULTS
Althesin in the smaller of the two concentrations tested, diazepam, ketamine at the smallest concentration and thiopentone increased m (P<0.05 or < 0.01). Althesin in the greater and ketamine in intermediate concentrations did not alter m significantly (P> 0.05). Ketamine in the greatest concentration reduced m, while propanidid and cremophor EL did not appear to have any effect on the release of acetylcholine (table I) .
The amplitude of the EPP was increased significantly (P<0.05) by the small concentration of Althesin and the larger concentration of thiopentone.
It was decreased significantly by the two larger concentrations of ketamine and by the greater concentration of propanidid (table I) .
The results suggest that Althesin and thiopentone may enhance release of acetylcholine in small concentrations and inhibit release in larger concentrations. The data demonstrate this in the case of ketamine.
DISCUSSION
Although the method used in these experiments is well accepted, recent work in the crayfish (Johnson and Wernig, 1971) and in the frog (Wernig, 1975) suggests that the probability of quantal release is a binomial, not a Poisson, function. If this is so, our calculations will tend to overestimate both increase and decrease in m by as much as 10%.
It has been shown previously that, in common with potent inhalation drugs (Gage and Hamill 3 1976 ), all the drugs tested in this study reduce postsynaptic sensitivity (Torda and Gage, 1977) . No uniformity could be demonstrated in their presynaptic action. The increase in quantal content (m) of the EPP caused by thiopentone confirms previous results in the frog with pentobarbitone and phenobarbitone (Thomson and Turkanis, 1973; Seyama and Narahashi, 1975; Proctor and Wakeley, 1976) . The findings of Seyama and Narahashi support the suggestion gained from our data that it is only the smaller concentrations of some anaesthetic drugs which cause presynaptic facilitation. The other drugs studied had not been tested previously for such action.
The recorded amplitude of EPP is the result of the amount of acetylcholine released (m) and the postjunctional sensitivity. From a previous study (Torda and Gage, 1977) we know that all these drugs reduce the time constant of decay of the miniature end-plate current which indicates reduced postjunctional sensitivity. The amplitude ratio (table I) reflects the resultant of both pre-and postjunctional factors.
In interpreting our results the difficulty arises that the blood concentrations of these drugs associated with anaesthesia are not known. For ketamine the blood concentrations quoted by Johnston, Miller and Way (1974) probably reflect accurately the concentration at the neuromuscular junction during anaesthesia. Because this agent is relatively long acting the concentration in the cerebral circulation may not be very different. If that is so, the two smaller concentrations investigated are clinically relevant.
It is easier to apply our data to the interactions of anaesthetics and neuromuscular blocking drugs. In the case of propanidid the in vitro results of Ellis (1967) , who demonstrated potentiation of tubocurarine by propanidid, are explained by postsynaptic depression without any increase in release of acetylcholine. Of course, in vivo, the short half-life of propanidid would prevent this interaction from becoming significant.
For ketamine the situation is more complex. Johnston, Miller and Way (1974) studied its interaction with tubocurarine, pancuronium and suxamethonium in patients anaesthetized with halothane, a drug with known depressant action at the neuromuscular junction (Gage and Hamill, 1976) by potentiating the competitive neuromuscular blockers (Gissen, Karis and Nastuk, 1966; Katz and Gissen, 1967) . Under these complex circumstances, ketamine potentiated tubocurarine but not pancuronium. As the postjunctional actions of these drugs are similar while their prejunctional actions are not (Galindo, 1972) , it can be postulated that tubocurarine but not pancuronium blocks the ketamine-induced increase in quantal content.
In the case of the other drugs (Althesin, diazepam and thiopentone), an increase in m is likely to mask any postsynaptic depressant effect at the neuromuscular junction, thus preventing any apparent interaction with neuromuscular blocking drugs.
Our results are of limited use in understanding the mode of action of anaesthetics. The neuromuscular junction is probably a good model of a central excitatory cholinergic synapse, but in the central nervous system acetylcholine may be both inhibitory and excitatory and there are at least seven other substances which may serve as neurotransmitters in the c.n.s. (Krnjevic, 1974) . All anaesthetics tested cause postsynaptic depression at the neuromuscular junction, and the uniformity of this feature may be of significance. As yet we cannot place our findings in perspective regarding the presynaptic actions of the i.v. agents. If a "unitary theory" of anaesthesia is feasible, it will probably have to await a clearer understanding of the neuroanatomy and physiology of consciousness.
EFFET PRESYNAPTIQUE DES AGENTS ANESTHESIANTS ADMINISTRES PAR VOIE INTRAVEINEUSE AUX COMMISSURES NEUROMUSCULAIRES

RESUME
On a procede a des essais sur les effets de l'althesine, du diazepam, de la ketamine, du propanidid et du thiopentone sur le degagement d'acetylcholine aux commissures neuromusculaires de la souris. L'althesine, le diazepam et le thiopentone ont fait augmenter la valeur quantique du potentiel de la plaque d'extremite. La ketamine a faible concentration (3,6 nmol litre" 1 ) a eu un effet similaire, mais a forte concentration (116,7 |xmol litre" 1 ) la valeur quantique a diminue brutalement. Le propanidid et le cremophor EL n'ont pas affecte la valeur quantique. L'augmentation de la valeur quantique a contrarie l'effet de depression postsynaptique sur l'amplitude du potentiel de la plaque d'extremite. Le manque d'augmentation du degagement d'acetylcholine semble expliquer l'interaction in vitro du propanidid et de la tubocurarine. La diversite des actions presynaptiques de ces medicaments fait qu'il est invraisemblable que celles-ci constituent un mecanisme important de la production de l'anesthesie. 
SUMARIO
Se probaron los efectos de Altesina, diazepam, ketamina, propanidida y tiopentona sobre la liberation de acetilcolina en la junci6n neuromuscular del raton. La Altesina, el diazepam y la tiopentona aumentaron el contenido cuantico del potential de la placa terminal. La ketamina en una concentracidn reducida (3,6 [xmol litro" 1 ) ejerci6 un efecto semejante, pero en una concentration elevada (116,7 [xmol h'tro" 1 ), el contenido cuantico disminuyo acentuadamente. La propanidida y el cremoforo EL no afectaron el contenido cuantico. El aumento del contenido cuantico antagoniz6 al explicar la interacci6n in vitro de la propanidida con la efecto ejercido por la depresion postsinaptica sobre la tubocurarina. La diversidad de las acciones presinapticas de amplitud del potencial de la placa terminal. La falta de estas drogas hace poco probable que este sea un importante acrecentamiento de la liberation de acetilcolina parece mecanismo para producir anestesia.
